CHAPTER III 8.   VULCANISM: THEORY
CONTRIBUTION TO THE ATMOSPHERE Although a variety of gases, vapors, and fumes are given off by active volcanoes, probably only one of them, carbon dioxide, is of sufficient volume and of such nature as to produce any effect on climate. Indeed, besides carbon dioxide, the only atmospheric constituents that are especially effective in modifying the average temperature of the earth are water vapor and, probably, ozone. The former of these, water vapor, except as locally modified by temperature and topography, including location and oxtent of land and sea, presumably, has varied but little in amount since the formation of the earliest oceans, while a practically continuous sorics of animal fossils from beyond the earliest ppi*™™* age to the present is abundant proof of an equally continuous g free oxygen. Hence, in an effort roughly to determine what viijuuctwu changes might; have been caused by variations in the atmosphere, whether produced by vulcanisrn. or otherwise, it would appear that only the amount of carbon dioxide need be considered.
But this Has been discussed above, to some extent, and will be taken up again in it»s proper order. Suffice it to anticipate, here, the general conclusion that while variations in the amounts of carbon dioxide in the atmosphere in ay have somewhat modified our climates, it, probably, never was tho controlling, or even an important, factor in the production of any one of the groat climatic changes of the past, nor can be, of any great climatic change the future possibly may bring.
CHANGE IN SURFACE COVERING
Tho effect of volcanic ejecta, whether in the nature of ash, or lava flow, is to convert ttie region so covered into a temporary desert, even where rain inny be abundant, and, therefore, to subject it to an increased range of temperature extremes, and at the same time, if in a previously vegetated region, slightly to increase its average temperature, owing to decrease of evaporation. It seems highly probable, however, that the areas so deprived of vegetation were never, at any one time, sufficiently largo to produce marked effects upon the climate of the world as a whole, nor, indeed, anywhere except over themselves and within their own immediate neighborhoods. Hence, in considering universal climatic

